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Thou, Lord, in the beginning hast laid the foundation of the earth, and the heavens are 
the works of thine hands. 
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NOTE ON RECENT PAPERS OF DR. HUGGINS. 


PROFESSOR C. A. YOUNG. 
For THE MESSENGER. 

Dr. Huggins has recently published two important notes 
which bear heavily upon certain details of Mr. Lockyer’s 
‘*Meteoric Hypothesis.”” One of the notes relates to the 
position of the principal line in the spectrum of the Aurora 
Borealis; and the other to the photographic spectrum of 
nebule. 

Mr. Lockyer has taken the wave-length of the aurora line 
as 558 (millionths of a millimetre), which he identifies with 
the bright edge of one of the “ flutings”’ in the low tempera- 
ture spectrum of manganese. Apart from all questions of 
wave-length, the identification of a sharp, definite line like 
that of the aurora spectrum with the edge of a fluting 
struck many spectroscopists from the first as highly improb- 
able. To this may be added that an agreement of three 
figures in the observed wave-lengths of two lines would be 
entirely insufficient to establish more than a faint presump- 
tion of their identity; at least four figures, and often five, 
would be necessary. But Mr. Huggins shows that the wave- 
length of the auroral line cannot vary more than one or two 
ten millionths of a millimetre from 5571, instead of being 
5580. The writer can add that a number of unpublished 
observations of his own quite confirm this (they were never 
published because they simply confirmed the results already 
obtained by others). 

A word here as to the presence of this auroral line in the 
spectrum of the zodiacal light, which Mr. Lockyer assumes 
on the strength of a statement by Angstrém that he had ob- 
served it. But Angstrém himself does not consider that it 
belonged in the spectrum of the zodiacal light, for at that 
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time the-auroral line could be seen ‘“‘anywhere in the sky.” 
It was when aurore were prevalent almost continuously. 
There is no satisfactory evidence that the zodiacal light 
spectrum contains a single bright line or band. 

As regards the nebule Mr. Huggins gives a list of no less 
than 16 lines as belonging undoubtedly to the spectrum of 
the nebula of Orion (6 of which are observable visually), 
and 20 more which lie in three groups, and seem to belong 
both to the spectrum of the trapezium stars and of the por- 
tion of the nebula immediately adjacent. Dr. Huggins has 
made a careful investigation by direct visual comparison be- 
tween the spectrum of magnesium and that of the nebula, 
with reference to Mr. Lockyer’s identification of certain of 
the most conspicuous lines of the nebula spectrum with the 
edges of certain flutings in the low temperature spectrum of 
that element. He finds that the brightest nebula line has a 
wave-length of 5004.8 (probable error about + 0.3), and 
that it is about two Angstrém units more refrangible than 
the first line in the mg. band at ‘‘500,” to use Mr. Lockyer’s 
“three-figure’’ notation; its true position is 5006.4 accord- 
ing to Lieving and Dewar. Under proper arrangements Dr. 
Huggins was able to observe the two lines (of the nebula 
and of mg.) simultaneously forming a rather close double 
line, the lower component of which vanished when even the 
mg. flame was screened off. 

As to the other lines in the nebula spectrum upon which 
Mr. Locker relies as confirming the presence of mg. in these 
bodies Dr. Huggins shows that while indeed the line at 372 
nearly agrees with one of three lines in a mg. triplet, the 
other two lines of the triplet do not appear in the nebula 
spectrum, though in the mg. spectrum they are fully as 
bright as the one at 3724. He considers it perfectly certain 
that mg. holds no such place in the nebula spectrum as Mr. 
Lockyer imagines. 

As to further conclusions that may hereafter perhaps be 
deduced from the photographs, Dr. Huggins is disposed to 
be non-committal. A most interesting relation, however, 
seems to be indicated between the stars of the trapezium 
and the surrounding nebula; the short, bright lines which 
cross the star spectrum and extend out into the nebula spec- 
trum almost prove what has long been believed, that the 
stars are only condensed masses of the nebula. 
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As maui ie meteoric hypothesis in general, there is no 
question that as a‘ working hypothesis’’ it has considerable 
value; but we should be on our guard against the confidence 
with which Mr. Lockyer expresses himself in respect to iden- 
tifications of spectrum lines based on ‘three-figure wave- 
lengths,’’ and the off-hand way in which he often says ‘‘ we 
know,’’in cases where we really are entitled to nothing more 
thanan opinion moreorless probable: as, for instance, where 
in a recent paper he says (Proc. Royal Soc., Vol. xlv., p. 389) 
of the spectrumi of the sun, that it ‘‘ must lie on the descend- 
ing side of the curve, as we know it to be cooling.’’ I am 
not aware of any evidence that is decisive on this point, 
though, as things stand at present, it seems probable that it 
has passed its maximum temperature. 

PRINCETON, May 25, 1889. 


ON THE OBSERVATION OF SUDDEN PHENOMENA.* 


S. P. LANGLEY. 

By a sudden phenomenon is here meant one of that large 
class where the occurrence is awaited without the observer's 
previous knowledge of its exact instant, and of which famil- 
iar examples may be found in the bursting of a rocket, the 
appearance of a meteor, or the emergence of a star from be- 
hind the moon. A great part of all the phenomena of daily 
life, as well as of scientific observation, are of this kind, 
though the importance of a special instance of another class 
(I refer to the gradual and foreseen approach of a star to a 
wire) has drawn to this latter such particular attention 
that we are apt to think only of it when “personal error”’ 
is in question. 

When, in an Observatory, we study the means taken to 
record the precise time of the transit of a star, we find that 
the precision of modern apparatus has reduced the error 
which we may expect in almost any part of the mechanism 
to an extremely minute amount, which may be calculated to 
the fractional part of the one hundredth of a second. I say 
“‘almost,”’ for, as we are all aware, there is one notable ex- 


* Read before the Philosophical Society, Washington, D. C., March 2, 1889. 
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ception, at least until photography can be made to inter- 
vene. The human brain and nerves, and behind“these the 
inscrutable processes of the will, themselves form an inevit- 
able link in the chain of apparatus of observation, and here 
an error may and does arise enormously greater than that 
of all the rest put together. 

We all know that this error varies with the individual and 
the occasion. It is most constant in the experienced observ- 
er, but even in his case it varies with the daily accidents of 
the human organism, and even with him it is presumably 
constant only for the particular observation to which the 
experience applies. There is not even a presumftion, I think, 
that the personal equation belonging to an experienced 
transit observer would apply to the same person’s notation 
of the occultation or emergence of a star, and still less, if 
possible, to any phenomenon outside his ordinary profes- 
sional experience; for we must, of course, recognize that we 
carry this fallibility with us in every act of life, and that it 
is just as present when we attempt to determine the instant 
at which a race-horse passes the winning post as when we 
seek to note the particular hundredth of a second at which 
a star passes the wire. 

The very words “ personal equation” imply that the errors 
due to this fallibility can be ascertained and allowed for, and 
may lead us to think (if we think carelessly) that there is a 
personal equation always ascertainable; whereas, as we in 
fact know, it is only possible to apply the correction where 
long habit has settled the amount of error to be expected 
with regard to some one special phenomenon. 

The number of devices for obtaining and correcting the 
personal equation, even in the special case of meridian ob- 
servation, is, as those who have studied the subject know, 
surprisingly great. I think I have myself examined more 
than fifty such, and with hardly an exception they all exhibit 
variations on one idea—the idea, that is, that the error must 
have been committed first; the committing of the error be- 
ing assumed to be an inevitable necessity, for which subse- 
quent correction has to be made. 

I have thought, then, that it might be interesting if I were 
to ask you to consider with me what may seem at first the 
somewhat paradoxical suggestion, that means may be 
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found by which any individual, skilled or ignorant, may 
make, not only meridian observations, but an observation 
of any sudden visible event of whatever nature so accurate- 
ly that we need apply no correction, because the precision 
may be, if not absolute, at least such that no correction will 
in ordinary practice be needed. I may deceive myself in 
thinking that what I have to suggest involves a novel idea, 
but I am led to suppose so from the fact that I have met no 
application of it in a somewhat extended reading on this 
point. 

Let me first remark that while such error as that in ques- 
tion doubtless belongs to all the senses in some degree, we 
are at this moment considering it in connection with the 
sense of sight only. 

When we see anything in motion (let us suppose for in- 
stance a passing train on the railroad) we have the well- 
known facts that— 

First. An instantaneous photograph is made by the optic 
lens upon the retina, there being a picture formed there 
which is perfectly distinct, but which fades out upon the 
retinal plate in from one-tenth to one-quarter of a second, 
while the perception of this image is under ordinary circum- 
stances* sensibly instantaneous; (but)— 

Second. Nerves convey the distinct impression of every 
part of this picture to the brain, and it is here, if we have to 
act on this impression, that a certain time is lost, not only 
in the carrying of the message along one set of nerves and 
the bringing back the answer on the other, but in the decis- 
ion that is being made by that unknown and inner self, 
which appears to us to exert here a more or less conscious 
act of will. 

In the case of a sudden and startling event, the time 
elapsed may be almost indefinitely great; and in some cases, 
probably several entire seconds may pass without the con- 
sciousness of the observer. A very imperfectly appreciated 
interval must occur in all cases, for what we have just said 
applies to every event of our daily lives, and the professional 
observation is only a particular instance of it. 





* The writer’s observations (Am. Jour. Sc., Nov., 1888) show that appre- 
ciable time is required for perception of the retinal impression, with certain 
excessively faint lights; but these are not here in question. 
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Now, I ask your attention to the practical instantaneity 
of the formation of this visual picture, which is known to 
be obtained where the duration of the phenomenon to be ob- 
served is much less than the one thousand-millionth of a sec- 
ond, and where we have every reason to believe that the 
actual formation of the image on the retina under known 
ordinary conditions requires a time of like order. 

We may say, then, that the casting of a picture on the 
retina is instantaneous. It is its fading out that requires 
time, and it is while this fading out takes place, and even 
long after it, that the work of perception, decision and ac- 
tion is going on behind the retinal curtain in the chambers 
of the brain. Notice, then, that while to determine when a 
phenomenon occurs may require, under some circumstances, 
several seconds, and under all ordinary circumstances a not- 
able fraction of a second, to determine where it occurs re- 
quires (sensibly) no time at all, for one single impression 
remains on the retina long enough to obtain full recognition 
and to be reproduced by processes of memory. 

I can make my meaning clearer, perhaps, by using the 
same specific instance as before. Let us suppose that an ac- 
cident to a passenger on the passing train is the phenome- 
non, the time of whose occurrence is to be noted, and that 
this accident is seen from a room in which there are two 
windows looking on the track. We must have seen the ac- 
cident, if it be instantaneous, either through the first win- 
dow or the second. If we had been led to anticipate that 
we should be called upon to say through which window we 
saw it, I think we may all admit that there would be no dis- 
crepancy on this point between different observers, for in 
this case we are considering only the element of position, 
and the element of time does not directly enter at all,so that 
observers in the same position who had been bidden to note 
through which window they saw it would all agree on this 
point. 

Now a connection can here obviously be established be- 
tween the place and the time, from which we infer the latter, 
if we are granted the knowledge of two facts: the time at 
which the carriage could have first come into view from the 
first window, and the time at which it must have passed out 
of view behind the second; for if we suppose the speed of 
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the train to have been uniform, we have the means of decid- 
ing the fraction of the time when we know the fraction of 
space. Here, then, as in the case of a common clock or chro- 
nograph, or any device where time and space are proportion- 
al, we can infer the former from the latter; only let it be ob- 
served that we here need no recording apparatus. What we 
use is the memory of where the event occurred; in other 
words, we recall the impression on the retinal screen and 
havé no need to bring into use what we may call the time- 
perception apparatus of the brain which lies behind it; nor 
do we in fact need that the object of our observation shall 
be realiy in motion, but only that it shall be made to appear 
to be so. 

This last point is all important, and what I ask your at- 
tention to is an experiment heretofore, I think, untried, and 
which is perhaps a novel application of the fundamental 
horological idea that time and space must be made propor- 
tional, for it seems to me it must be theoretically possible, 
not only in the case of the clock or the chronograph, but al- 
ways, to so connect the former with the latter that the 
essential task of the observer is to say where any visible 
event apparently occurred, and then let some mechanism 
outside of himself say when. 

That at least is the idea, and if it has, as I hope, been 
clearly apprehended by you, I will now ask your attention 
to a working plan for carrying it out. Numerous different 
devices have been under my consideration. I will take one 
which is primarily designed tor the observation of any celes- 
tial phenomenon, though it could very well be adapted to 
terrestrial ones; and in order to fix our ideas I will suppose 
that we have an event which we know the approximate 
time of, but which may burst upon us at some fraction of a 
second which we want to determine. I will assume (merely 
to fix our thoughts) that we wish to note the time at which 
a star emerges from behind the dark body of the moon with 
an accuracy which ensures us that we have not made an 
error so great as one-twentieth of a second. 

You see I hold in my hand a peculiar eye-piece, which has 
been made to observe this or any other terrestrial or celes- 
tial phenomenon of sudden occurrence. It can also be used 
for meridian observation, but its special field seems to lie in 
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noting an event where no correction for personal equation is 
applicable. This event may be anything celestial or terres- 
trial, from the entrance of Venus on the disc of the sun to 
the explosion of a mine; but for the purpose of illustration 
merely, let us take it to be the sudden appearance of a star. 

On looking into the telescope we see, in the first place, two 
prominent wires crossing each otherat right angles, dividing 
the field of view into four quadrants. Now, by a simple 
mechanism, which I shall shortly explain, any object that 
our telescope is directed on—any fixed star, for example— 
seems to be revolving in the field, passing successively 
through the first, second, third and fourth quadrants. If 
the star is hidden the mechanism is working just the same, 
and when the star appears it must evidently first be seen in 
some particular one of those four quadrants, and experience 
shows that we shall have no difficulty in telling in which 
one. The mechanism itself has recorded for us by an elec- 
tric contact the limiting instant between which it is possible 
to see the beginning and the end of the cycle during which 
revolution may be supposed to be made. It is not necessary 
that this cycle should last just one second; but, supposing it 
(still for illustration only) to be a second, if it was seen in 
the first quadrant it was seen in the first quarter of the sec- 
ond; if it was in the second quadrant, sometime in the sec- 
ond quarter of the second; in the third, in the third quar- 
ter; in the fourth, in the final quarter. All that we have to 
do in this case is to know in which second it occurred; for 
the quarter of a second we may say is noted for us by the 
purely automatic action of the optic lens and retina, since 
the first image on the retina must be that of the star as seen 
in some particular one of the four quadrants. 

Going a little farther, we will now suppose each of the 
four quadrants, which in turn correspond to quarter 
seconds, to be divided into five parts, so that the whole 
circle is divided into twenty. All the observer has to say is 
in which quadrant and in which subdivision of the quadrant 
the star appears, to say in which twentieth of the second 
(or other brief cycle) it emerged. 

The reticule I have just described is fixed in the focus of the 
eye-piece and does not revolve. What does revolve is a 
minute double prism of total reflection just before the reti- 
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cule, the middle of whose reflecting face lies in the optical 
axis, and by whose means the optical axis is twice broken 
at a right angle, so that when the telescope is directed at a 
star the image of the star is not seen at the center of the 
field, but on one side of it. Ifthe prism is revolved, the star 
must appear to revolve in a circle whose radius is nearly 
that of the side of the prism. 

The little prism is turned by a small piece of watch-work, 
but it is not at all necessary that this should be exact, since 
all we demand is that the rate shall be constant during a 
second or so—a condition easily secured with the most ordi- 
nary mechanism. 








Fi6.2. DIAPHRAGM. 
Fuce Size. 


F16.!. Section. 
Se Fuss Size 


S. P. LANGLEY. invt 


The sketch and the apparatus exhibited sufficiently indi- 
cate, I think, the simple means by which this is brought 
about. 

Figure 1 is a section one-half full size. A A A is the outer 
tube, which can be fitted, if desired, into the eye end of a 
telescope. b b is the inner tube, resting on friction-wheels 
ff, revolved by the clock-work ¢c about once a second, and 
recording the time at which a key in the observer’s hand 





298 The Sidereal Messenger. 





may be pressed to indicate the particular second. This rec- 
ord may be made electrically by the wires w w on a chrono- 
graph, or more simply and directly on a little attached dial 
like that of a recording stop-watch. 

p is the prism of double total reflection. rr is the posi- 
tion of the fixed reticule (shown independently as it appears 
to the observer and of full size in figure 2.) 

e e are the lenses of a positive eye-piece. / is a lamp for 
giving wire illumination, if desired, when a telescope is em- 
ployed. 

Field illumination is readily obtained by making the dia- 
phragm in which the prism p is set of translucent material. 

Finally it should be remarked that on removing the eye- 
piece, events may be observed without using any telescope. 
In this, its simplest form, the chronograph may also be dis- 
pensed with, and the record of the second made on an at- 
tached stop-watch dial, and the instrument may thus carry 
its own complete recording apparatus and be more portable 
than an ordinary opera-glass. 

I have not found time to use this apparatus on the moon 
or occultations, but I have, what is possibly more to the 
purpose now, tried it on an artificial star, the instant of 
whose appearance and disappearance was independently 
recorded on a chronograph by an electrical contact. Dif- 
ferent observers, entirely unskilled and ignorant in the use of 
the instrument, were invited to look into it and to deter- 
mine the quadrant and section in which the star appeared 
and disappeared. 

I have momentarily mislaid my notes containing in full 
detail the results of four observers, but I can summarize 
them approximately in saying that after being simply told 
what to note, the average probable error—(that is, for any 
single observation)—was rather less than one-twentieth of a 
second. As far as I can judge from the limited number of 
instances, the younger the observer the better the observa- 
tion. The worst of the observers (the oldest), however, had 
a probable error considerably less than one-tenth of a 
second; the youngest, a probable error of something like 
one-fortieth of a second, which implies, as you will observe, 
that he not only readily noted the quadrant and the subdi- 
visions of the quadrant, but also, as a rule, even the part of 
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subdivision in which the star was first seen. None of these 
observers had so much as one hour's practice. 

The plan in question is easily adapted to meridian obser- 
rations, but for these we have numerous plans for correct- 
ing personal equation, and the writer may also direct 
attention to the fact of the existence of a distinct device 
(Am. Journal of Science, July, 1877) which practically elimi- 
nates the personal error in the very act of a transit 
observation. It is more elaborate than the present one, 
which is so simple that it may be useful even in longitude 
work with the transit, though its proper field seems to be 
the observation of sudden events; but, to whatever purpose 
it is applied, I beg leave to present it to your attention less 
for any interest that attaches to the particular mechanism 
exhibited than as an illustration of a principle which seems 
to me to have not been employed before in this way, and 
which I trust may have useful applications. 


HEIGHTS OF METEORS. 


W. F. DENNING 
For THE MESSENGER. 

Three conspicuous meteors have recently been observed 
in this country with sufficient fullness and accuracy to en- 
able their real paths to be determined with unusual precis- 
ion. 

On April 20,1889, 10416m6.M.T., Professor A.S. Herschel 
at Croydon, Surrey, recorded a meteor with a path from 32° 
+ 5312° to 42°+ 50° in Perseus. At the same time Mr. T. 
W. Backhouse, at Darlington, saw a meteor as bright as Sir- 
ius passing from 18912°—7° to 179°—14°. A comparison 
of the two. observed paths shows the radiant point to have 
been at 301° + 36°, in altitude 13° above the N. E. horizon. 
The meteor passed over Derby shire at heights from 5012 to 
4514 miles. Its visible length of path was 22 miles, which it 
traversed in one second. Parabolic velocity would be about 
20 miles per second; the accordance in the two values leaves 
little doubt as to the form of orbit this body was pursuing. 

On April 21, 1889, 10h 16m G. M. T. Professor Herschei 
noticed another conspicuous meteor, with a flight extending 
from 112°+ 27° to 98° + 26° in Gemini. The same object 
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was seen at Bristol by the writer, who registered its path as 
from 16312° + 55° to 119° + 614° in the western region of 
Ursa Major. This meteor belonged to a radiant at 218° 
— 5°, in altitude 251° above the S. E. horizon. When first 
seen the body was 72 miles high, and it was but slightly 
S. W. of the zenith at Bristol. At disappearance the height 
was 54 miles, and the meteor was then over Crickhowell, in 
Wales. Its real length of path was 42 miles, which it trav- 
ersed in 114 seconds, so that its speed was 28 miles per sec- 
ond, which is slightly greater than parabolic velocity. 

On May 22, 1889, 10h 8m G. M. T. a fine meteor equal to 
Jupit was recorded by Mr. G. T. Davis at Reading. It 
moved with remarkable slowness from 216° + 31° to 239° 
—24°. Duration 15 seconds. It left a yellowish train 15° 
long. The same object was observed by the writer at Bris- 
tol, and. its path was noted from 287° + 39° to 2541%4° 
—15°. It moved very, very slowly, the duration being esti- 
mated as 16 seconds. A thick yellow train, 7° or 8° long, 
followed the nucleus as it leisurely sailed across the sky. 
Another observer at Bristol estimated the duration as 18 or 
20 seconds. Projecting the observations it is found the ra- 
diant was at 63° +- 35° on the N.N.W. horizon. The meteor 
appears to have been seen earlier in its flight at Bristol than 
at Reading, but at the latter place its end-path was better 
observed. At first appearance its height was 50 miles above 
a point six miles east of Oxford, and its disappearance oc- 
curred at a height of 58 miles above a place ten miles west of 
Orleans in France. The real length of its course was 292 
miles, and the velocity from a mean of the observations 14% 
miles per seeond. This is less than a parabolic orbit would 
give, and, if correct, the meteor must have been traveling in 
a nearly circular orbit. The earlier portion of the flight was 
nearly parallel with the earth’s surface at a height of about 
50 miles, but the extraordinarily long course it pursued aug- 
mented the effects of theearth’s curvaturein such degree that 
towards the end of its course the body was ascending in the 
atmosphere and its height was several miles greater than at 
the period of its first appearance. The meteor was quite an 
exceptional one, for it diverged from a radiant close to the 
sun’s place, and traveled with extreme slowness through a 
great range of path. 

BRISTOL, ENGLAND, June 10, 1889. 
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THE WATERS UPON THE EARTH. 


E. J. BROOKINGS. 
For THE MESSENGER. 

Among the many discussions relative to the formation of 
systems and worlds, it seems to me few have touched direct- 
ly upon the question of the conditions which have made the 
two elements composing water such a factor as we see 
them in our solar system, and, at least, especially upon our 
own planet. 

As to our earth, may we inquire how came they here, and 
what part did they take in its early formation, and how did 
they finally become so important and permanent a portion? 

When we consider that three-fourths of the visible portion 
of the globe consists of water, and that the remaining 
fourth invariably shows the effects of intense heat, we can- 
not but wonder how the two opposites were originally con- 
ditioned, how they acted and reacted toward or upon each 
other, and how and when the former became the more im- 
posing mass as regards the earth’s surface. 

Without going into the depths of theory regarding the 
formation of systems and worlds, it would appear that; in 
the composition of such matter, the elements of water were 
a portion, and that in its concentration and rotary motion, 
it became more and more heated, and this heat was intensi- 
fied finally to a maximum as the mass attained a certain 
centralization. What would result? Evidently the elements 
composing water would be vaporized and ascend to the in- 
tensely rarified atmosphere in part produced by their own 
conditions. 

Evidently the greatest intensity of heat showed the least 
amount of vapor or water, because these had ascended to 
and become a part of the earth’s atmosphere, surround- 
ing it with a cloudy envelope which extended as far as the 
extremely heated and rarified atmospheric conditions would 
allow. 

This envelope of vapor no doubt continued in vastness 
until the earth began to cool, when gradually it descended 
as rain, a portion remaining, as conditions allowed, in the 
nature of water, until finally the greater portion had found 
its place upon our globe as we now see it. 

° 
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The reasonableness of this assumption is apparent, as we 
find that, naturally or chemically, this action is always pro- 
duced. Furthermore, if we look to the other planets, especi- 
ally exterior to Mars, we can observe precisely such condi- 
tions existing, and such changes taking place,—i. e., the 
masses of the planets concentrating and therefore enveloped 
in clouds of vapors which have not cooled in sufficient quan- 
tities to form lakes and rivers upon their surfaces; in fact 
seeming, in some instances, like orbs of vaporous matter. 

Sufficient earth-heat and sun-heat still prevail in and 
around our planet as yet to prevent the entire descent and 
absorption of atmospheric vapor; but supposing that the 
earth, in course of time, has entirely cooled, like its satellite, 
the moon, and its vapors thereby have descended and become 
water, and these waters, by intenser cooling, have pene- 
trated our globe’s exterior, what would prevent the same 
lifeless condition which we now see upon its satellite? 

Has not this physical change taken place there? 

Is not the change taking place here, although cycles of cen- 
turies may pass before it will be completely effected ? 

WASHINGTON, D. C. 


LIMIT OF VISION. 


H P. TUTTLE. 
For THE MESSENGER. 

In Vol. XVIII. of the Monthly Notices of the Royal As- 
tronomical Society Mr. Norman R. Pogson has given a 
formula for computing the magnitudes of the faintest stars 
visible in an achromatic telescope of a given aperture, and 
as that volume may not be within reach of many of the 
readers of THE SIDEREAL MESSENGER I herewith transcribe 
Mr. Pogson’s remarks and appendea table which I have 
computed from his formula. The table will be found to in- 
clude about all the objectives now in use, and many not yet 
constructed. The magnitudes are given to the nearest tenth. 

Mr. Pogson says: “‘ The limit of vision or faintest magni- 
tude on the scale here employed which is discernible in a 
good telescope on a fine moonless night may be found by the 
following formula: 

Limit of vision = 9.2 + 5 log. aperture in inches.’ 


, 
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Diameter of Limit Lt. Gathering Diameter of Limit Lt. Gathering 

Objective. of Surface. Objective. of Surface. 
Inches. Mag. inches. . Inches. ; inches, 
31.00 16. 754.8 44.00 : 1520.6 
32.00 16. 804.2 45.00 1590.4 
33.00 16.8 855.3 46.00 1661.9 
34.00 16.6 907.9 47.00 1734.9 
35.00 962.1 48.00 1809.6 
36.00 1017.9 49.00 1885.7 
37.00 1075.2 50.00 1963.5 
38.00 1134.1 60.00 2827.4 
39.00 1194.6 70.00 = 3848.5 
40.00 1256.6 80.00 18.7 5026.6 
41.00 1320.2 90.00 19.0 6361.7 
42.00 1385.4 100.00 19.2 7854.0 
43.00 1452.2 
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If we concede the above formula to be approximately cor- 
rect for small lenses it will certainly not be so for very large 
ones, owing to the great amount of light lost by the in- 
creased thickness of the objectives. 

WASHINGTON, June, 1889. 


THE BRUCE PHOTOGRAPHIC TELESCOPE. 


EDWARD C. PICKERING. 


The astronomical Observatory of Harvard College has re- 
ceived from Miss C. W. Bruce, of New York, a gift of $50,- 
000, to be applied ‘“‘to the construction of a photographic 
telescope having an objective of about twenty-four inches 
aperture with a focal length of about eleven feet, and of the 
character described by the Director of the Observatory in his 
Circular of November last; also to secure its use under fa- 
vorable climatic conditions in such a way as in his judgment 
will best advance astronomical science.” 

This instrument will differ from other large telescopes in 
the construction of its object-glass, which will be a com- 
pound lens of the form used by photographers and known 
as the portrait lens. The focal length of such a lens*is very 
small compared with its diameter, and much fainter stars 
can be photographed in consequence. The advantage is 
even greater in photographing nebule or other faint sur- 
faces. Moreover this form of lens will enable each photo- 
graphic plate to cover an area several times as great as that 
which is covered by an instrument of the usual form. The 
time required to photograph the entire sky is reduced in the 
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same proportion. A telescope of the proposed form, having 
an aperture of eight inches, has been in constant use in 
Cambridge for the last four years, and is now in Peru pho- 
tographing the southern stars. It has proved useful for a 
great variety of researches. Stars have been photographed 
with it too faint to be visible in the fifteen-inch refractor of 
the Observatory. Its short focal length enables it to pho- 
tograph as faint starsasany which can be taken with an ex- 
cellent photographic telescope having an aperture of thirteen 
inches. The eight-inch telescope will photograph stars 
about two magnitudes fainter than can be taken with a 
similar instrument having an aperture of four inches. A 
corresponding advantage is anticipated from the increase of 
the aperture to twenty-four inches. Each photograph will 
be thirteen inches on a side, and will cover a portion of the 
sky five degrees square, on a scale of one minute to a milli- 
metre. The dimensions will be the same as those of the 
standard charts of Chacornac and Peters. The entire sky 
would be depicted upon about two thousand such charts. 

It is very important that the best possible location should 
be found for such an instrument. In Europe and in the east- 
ern portions of the United States, where nine-tenths of the 
principal observatories of the world are situated, it is 
cloudy for a large portion of the year. Great advantages 
are expected from a location where clouds and haze are 
seldom seen. 

This generous gift offers an opportunity for useful work 
such as seldom occurs. It is expected that the Bruce Pho- 
tographic Telescope will exert an important influence upon 
astronomical science by the large amount of material that 
it will furnish. 

CAMBRIDGE, U.S., June 26, 1889. 


ON THE INCLINATION OF THE ASTEROIDsS.* 


PROFESSOR DANIEL KIRKWOOD. 


The forty-ninth page of my little volume on the Asteroids 
contains a brief statement respecting the orbital positions 


* Read before the American Philosophical Society, May 17, 1889. 
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of these bodies, and the supposed connection between great 
eccentricity and high inclination. If the phenomena referred 
to have any bearing on the theory of asteroid formation—in 
other words, if facts hitherto regarded as isolated prove 
mutually dependent—may not their discussion point out 
new and unexpected relations? A more exact examination, 
at least, of these planetary statistics will not be without 
interest. 

The first column of the following table gives the asteroids 
in groups of ten, in the order of distances; the second, the 
limits of the respective groups; and the third, the average 
inclination of the several clusters. 

INCLINATIONS OF THE MINOR PLANETS. 


Groups. Distances. Av. Inclination of Groups. 
10 13 _ 28 : ae 32.8” 
20 .28 .36 - 22.1 
30 36 .38 11 13.9 
40 38 40 2 6g 15.2 
50 40 6 48. 
60 43 5 ce 
70 45 -. §1.{ 
80 56 10 23. 
90 58 9 49.3 
100 .616 
110 .647 
120 .667 
121 130 685 
131 140 
141 150 
151 160 
161 170 
171 180 
181 190 
191 200 
201 210 
211 220 
221 230 3.11 
231 240 3.126 52. 
241 250 3.126 3.14 36.6 
251 260 3. 3.185 §1.3 
261 270 3.185 3.42 ; : 16.5 
271 280 3.4° — 4.24 26. 
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1. The average inclination of the first hun- 
dred (in the order of distance) is........ 8° 8’ 42.66” 
Of the second hundred 58 38.87 
Of the last eighty 51 20.15 
And that of the whole two hundred 
and eighty 8 21 34.87 
2. The inclinations in the edges of the ring are less than 
the average. 
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3. Other minima are found about the distances 2.44 and 
3.09. The maximum between 2.36 and 2.40 is distinctly 
marked. 

4. As in the case of other planets, the inclinations vary, 
though with extreme slowness. It has not been shown, 
however, that the average will change to any great extent. 

5. This average compares thus with certain other incli- 
nations: 

Mercury’s orbit 
Plane of the Sun’s equator 
Average inclination of asteroidal comets..... 16 

6. The maximum inclinations of Mercury and Mars are 
10° 36’ and 7° 28”* respectively. The table indicates that 
the mean inclination of the asteroids has not differed greatly 
from the mean inclination of Mercury. 


VELOCITY OF SOUND—THE WHOLE GIST OF THE MATTER. 


SMITH GOOODENOW, A. M. 
For THE MESSENGER. 
1. THE FACTS AGREED UPON. 

In a long open tube a frictionless piston moves distance u 
in a second; the air before it is pushed and compressed as far 
as some point z at the end of the second; and what was air 
V now occupies V—u space. 

The normal pressure of the air at first, and so remaining 
at and beyond z, is P; its pressure from z back to the piston 
has increased to P’; so that the increase of the pressure in 
air Vis P—P. 

Now if V=1000u, so that the u reduction (of space V to 
V—u) is a reduction of .001th part in the volume of air V, 
then the increase of pressure (P’—P) is .001P, or about 
.001th part of the normal pressure (saying nothing about 
heat). And this increase of pressure (.001P) within the air- 
wave or pulse, must have required that much pressure ap- 
plied to the piston to make, to meet, and to overcome it. 

This extra pressure has been accompanied by a certain 
amount of work done or motion of air against resistance, as 
follows: air u has been removed from space u, and all air V 
has been moved along to correspond; which, if the air be 


* Stockwell’s Mem. on the Sec. Var. of the El. of the Eight Princ. Planets, 
Smith Contrib. to Knowl., 232, p. 116. 
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taken as if solid and unresisted, makes in all a motion of air 
V through a distance wu (equivalent to a motion of air uw 
through a distance V). 

But, more exactly, since the air is not solid, but yields 
with resistance, air u is moved an average of 5 distance (in 
leaving space uw), and the whole air V is moved the same 
average of > distance (varying from distance u for the part- 
icle next the piston down to distance o for the particle at z. 
But by either reckoning the whole work of making the air- 
wave to z is - times as much or 1000-fold greater than is 
the piston work of simply removing the air from space uw. 

This 1000-fold greater work spent in carrying air V 
through distance u (or >) is equivalent to carrying the air 
u (or >) through the whole distance V, or diffusing through 
V the resistance P, which would be met in shoving air u 
into the next space u (with the air there); by which diffusion 
the resistance against the piston is reduced from that P 
down to the .001 P of the whole air-wave. 


u 


aaa 











~ 
2. THE POINT OF THE CONTROVERSY. 

Now, the question is, what force produces this whole work 
or motion of the air-wave? 

The pulse-heat theory of sound answers, that the whole 
air-wave work, viz., air V carried distance u (or air u carried 
distance V), is produced without aid by the extra pressure 
P’—P or .001 P, put upon the piston by the air-wave, and of 
course exerted by or through the piston in securing it; be- 
cause the whole u X V motion is known to result from the 
piston pressure, and would be produced by it if without 
resistance in a vacuum (as seen in the fall of a body, by pro- 
portion ‘‘A.’’) 

On the contrary, I answer (with Newton), that the piston- 
pressure (P’—P or .001 P) produces by its motion against 
resistance only the work of moving air uw from space u; 
while another force 1,000 times greater, viz., the elastic 
force of the air, or P, diffuses the resistance through the air- 
wave, and so lengthens the motion all the way through V.* 


* It takes as much piston force (.001 P) to meet the resistance (.001 P) 
in simply moving uw, as would without resistance move the whole V. 





Velocity of Sound. 








3. MY PROOF IN A NUTSHELL. 


The .001 P pressure of the piston has only to overcome 
the .001 P resistance met by the piston in making its motion 
u;* but meanwhile, a like .001 P resistance has to be met by 
each u-length of air in making its motion u; and as there are 
1,000 of these u-lengths of air moved in the whole V, it 
takes 1,000 times .001 P, viz., the force P (or whole elastic 
force of the air), to lengthen the piston-motion (u distance) 
into the air-motion (V distance). Therefore, the whole air- 
wave motion V is made by the air’s whole elastic force P, 
which is only incited thereto by the initial or unit motion u 
of the piston force .001 P. 

Consequently, the piston motion u may be more or less 
than .001th part of V, without changing the air-wave 
distance V, or velocity of sound; which is just what the 
facts require. And moreover, if anything increases the pres- 
sure within the air-wave, (say extra heat, as alleged), this 
will equally enlarge the resistance at each step, to the 
decrease of the wave motion, (rather than its increase, as 
alleged by the pulse-heat theory). And still further, the 
absurd result of the pulse-heat theory is escaped, which 
requires a tiny locust by its own unaided strength to shake 
the whole atmosphere for a mile in every direction, say 500 
times forward and backward every second. 

THE RESULT. 

When the sound-propagating force is treated as being only 
the elastic variation P’—P, or .001 P, then its increase .00041 
by heat engendered (as alleged), makes the force 1.41 
greater than before; and this being regarded as enlarging 
in equal proportion both u and V (so as to keep their ratio 
1,000), will give an increase of 41.41=1.19 to YV, the 
velocity of sound, raising it from the Newtonian 916 to 
1,090 feet per second, as required. This then is the pulse- 
heat theory, for rectifying the Newtonian value, by alleged 
heat engendered. 

On the contrary, when the sound propagating force is 
taken as elastic pressure P (or at most P’), instead of its 
yariation P’—P, then the alleged heat effect .00041 P, said to 


* The motion being uniform, is not produced by the pressure at all, but 
by a slight stroke in starting the pressure. 
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enlarge P’—P to .00141 P, makes the force but 1.00041 
larger than P, (or P’= 1.00141 P); and the slight increase 
of elastic or sound-propagating force cannot give over 
V¥1.00141 = 1.000705 increased to the 916 feet velocity of 
sound V, viz., 0 .907 feet, or nine-tenths of a foot, instead of 
the 174 feet claimed. This my view leaves alleged heat as 
entirely inadequate to rectify the Newtonian value, making 
necessary some other rectification; and that is what I have 
undertaken to give. 


THE STUDY OF ASTRONOMY. 


We often receive letters from persons asking, for substance, 
what books they should read to gain a knowledge of results 
reached in the recent progress of astronomy. Most of those 
who thus inquire are persons unknown to us; yet, doubtless, 
they have an earnest desire to do something for themselves, 
and they want to know how to go about it. They seem to 
have the spirit of self-reliance and self-help, and they are 
anxious to put these excellent qualities of mental furnishing 
to the task of gaining useful scientific knowledge. We ought 
to expect that the queries of the inexperienced will often 
come in crude form, and sometimes be very large and indefi- 
nite, and take them for what they mean, and answer accord- 
ingly; and so attempt wisely to direct the energy of mind 
seeking worthy employment. In view of such facts as these, 
it has seemed to us that it might be worth the while to 
name a few precepts to guide in the study of astronomy, 
and then to mention some books which will be needed in 
making advancement in astronomical studies. Asa precept 
of great importance we would say,— 

1. Know thoroughly and familiarly whatever ought to be 
mastered. Knowledge has its degrees. As another has well 
said, ‘It is of all grades from the first dim and vague appre- 
hensions of a fact or truth to the full and familiar and felt 
understanding of such fact or truth, in all its causes and 
connections, its philosophy and its power and beauty. We 
may know it so as to recognize it when another tells it; we 
may know it so as to recall it in fact and reflect upon it; we 
may know it so as to tell it in a general way to a friend; or, 
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we may know it so as fully to describe, demonstrate and il- 
lustrate it as a truth whose importance we feel, and whose 
grandeur or beauty inspires us.”’ It is this last form of 
knowledge that the student of astronomy should covet ear- 
nestly. The reason is evident. It is impossible to use read- 
ily and well anything which is not thoroughly and familiar- 
ly our own. Truth is never revealed in its beauty or power 
to one who only partially knows it. Slight knowledge does 
not enlist the feelings, neither does it move the heart with 
ardent zeal. It was an earnest love of truth, grandly and 
vividly conceived, that caused Kepler to grow wild with de- 
light in the glories of the stars; or the great Newton to say 
that he was but a child, picking up pebbles on the beach, 
with the great ocean of truth before him vet unexplored. 

Thorough study only brings fresh conceptions of the 
truths sought; it only furnishes best modes of expression for 
idea or fact, and it only begets consciousness of strength in 
timely need. 

2. Solid attention and a habit of study. It is not an easy 
thing for those who have the habit of study to hold the at- 
tention well at all times. The varying circumstances and 
moods of the student often exercise large control and weak- 
en the power of mental effort. Attention is usually either 
compelled or attracted. The former is an act of the will, 
the latter is the result of a gratified sensibility; the former 
acts listlessly or unwillingly, the latter is eager in opportu- 
nity and scarcely knows fatigue. Attention also has its de- 
grees. Some writers specify three: (1) physical attention, 
or that which employs eye and ear while the mind is inert 
and moves only as it is moved; (2) intellectual attention, or 
that mental state just enough active to follow and under- 
stand what is uttered, and (3) that higher form of attention 
in which the intellect and heart are enlisted, and all the 
- powers of the soul are alert for conquest and victory. This 
latter kind is the attention the student should cultivate for 
rapid advancement in any department of study. It is true 
that the mind will be unable to work long, at first, under 
such tension of its powers, but enduring vigor will surely 
come with wise and habitual use in this way, and in this 
way only asa rule. It is not ‘how much, but how well”; 
it is not the number of hours a man studies that is to meas- 
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ure progress or true acquirement, but rather the way he 
works—the kind of attention he gives—that counts most in 
lasting results. Such attention in work or habitual study 
will surely bring a student to place and power rapidly. 

3. A faithful application of principles and methods to ob- 
tain definite results. It is one thing to see and know, in a 
general way, how a given result is obtained, but it is quite 
another thing to do the work indicated to obtain the result. 
The student of astronomy may well heed the maxim, ‘‘ Be 
not of those who say and do not,”’ but: rather be of those 
who do that they may know whereof they speak. Time 
spent in the study of a numerical example intended to illus- 
trate a principle or a method, is the best possible use of it, 
not only to familiarize the case in hand, but also to bring 
out the laws of sequence which show the relation of a par- 
ticular truth or principle to the whole body of the science of 
which it is a part. A noticeable defect in the scholarship of 
scientists too generally is, that they have failed to relate 
truth in science logically and effectively. Scientists are read- 
ers, but they are not always severe and logical thinkers. 
This is not certainly the fault of astronomy as a science, for 
what else it may not be, it is emphatically a science built by 
rigorous logic and exactitude elsewhere unparalleled. As a 
branch of study, astronomy therefore is one of the best that 
could be chosen for training the imagination and the reason- 
ing powers. 

With precepts like these in mind, we next inquire wha 
books we shall read in beginning the study of astronomy. 
We may suppose the student has some knowledge of element- 
ary astronomy, such as is found in text-books commonly 
used in the public schools, and that he has prepared some- 
what thoroughly the branches of algebra, geometry, trig- 
onometry and physics. He is then prepared to begin the 
study of astronomy in earnest, and the first book suggested 
is Young’s General Astronomy. This is a book that should 
be mastered because of what it contains and the spirit in 
which it is written. In our judgment, its author has 
grouped the salient points of this science in this work more 
fully, faithfully and naturally than can be found elsewhere in 
any single book. Not only so, but the spirit of the text is 
admirable. These features are peculiarly strong and all im- 
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portant. It is of great moment that a student entertain 
right notions of astronomical truth in the outset in order to 
understand and apply its principles. He must depend large- 
ly on the mere statements of fact by others for forming his 
opinions of the truth in any given line of inquiry, and so de- 
termine for himself what is known, and distinguish sharply 
and continually from what is merely supposed. The person 
that loves science will always hold the truth in high esteem, 
and give it place in earnest thought; and if he be misled into 
cherishing that which is false, by errors in essential facts, 
harm is done and the best mental stimulus for work is lost. 
For such reasons as these there are comparatively few books 
that will pay the student to read with avidity and soul in- 
sight,—to mentally devour them in hard work,—bhecause 
they are not worth it; but when such a book is found it is 
worth something to know it beforehand, and give it proper 
place in the plan of study contemplated. 

How this valuable book may be studied to best advan- 
tage, and what should follow it, we will consider somewhat 
at length in following numbers of this journal. 


TO BE CONTINUED. 


CURRENT INTERESTING CELESTIAL PHENOMENA. 


THE PLANETS. 

The planet tables are given for two months, because THE 
MESSENGER will not be published for the month of Septem- 
ber. 

Mercury was at greatest brilliancy July 30; will bein su- 
perior conjunction with the sun August 7; in greatest helio- 
centric latitude north same day; in conjunction with Saturn 
August 10, the planet being 38’ north of Saturn at 21h; in 
conjunction with the moon August 17; in descending node 
August 30; at aphelion of its orbit Sept. 10; in greatest 
elongation east September 20, 6h, being at that time 26° 
19’ from the sun, and in south declination about 11°30’, so 
that its position is not quite as favorable for observation as 
it might otherwise be. 

Venus is a morning star, and will be in conjunction with 
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the moon August 22; passes to the ascending node Sept. 12, 
is again in conjunction with the moon Sept. 21, and in con- 
junction with Saturn Sept. 25, the former being 34’ south of 
the latter; and five days later, Sept. 30, it will be in conjunc- 
tion with Mars, being only 22’ south. 

Mars is also a morning star in northeastern Cancer. Dur- 
ing August the planet will move southwesterly through 
Cancer, and Sept. 5 enter Leo, and Sept. 17 the planet will 
be very near Regulus. August 24 Mars will be in conjunc- 
tion with the moon, 1° 28’ south; in conjunction with the 
planet Saturn Sept. 19 144 52m Washington mean time, the 
distance between the planets at that time being only one 
minute of are. In civil time this date would be Sept. 20 4h 
52 m A.M., or about 4 o’clock in central time. This interest- 
ing phenomenon should be observed if possible. Those who 
have good eyes may try to separate the two flanets when 
nearest without telescopic aid; and it will be interesting to 
those who have telescopes to measure their least distance 
and report the results obtained. Physicists say that when 
two bright objects are nearer than 1’ 12” few eyes can dis- 
tinguish them as two objects. This phenomenon will take 
place two hours before sunrise and about one hour after the 
planets rise. 

Jupiter is in the constellation of Sagittarius approaching 
the small stars a few degrees southwest of the star »; his 
motion is towards the southwest until Aug. 24 when the 
planet is stationary. Quadrature with the sun will be 
reached Sept. 21, and conjunction with the moon for the 
third time in two months on Sept. 30. The last distance is 
the least, being only 39’ south. 

Interesting studies of the planet Jupiter have come to our 
notice recently in the form of observations and drawings of 
the planet made at Birr Castle Observatory, Parsonstown, 
Ireland, by Otto Boeddicker, Ph. D., covering a_ period 
from Sept. 2, 1881 to March 13, 1886. 

These studies were made by the aid of a reflecting tele- 
scope of three feet aperture, and they consist of notes of 
observations and some eighty drawings of the surface 
markings of Jupiter which were made with pencil not more 
than ten minutes being devoted to each of them. In the 
publication before us- the drawings are reproduced by a 
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photo-mechanical process, in order to avoid the inaccuracies 
frequently caused by a transferring lithographer, and so 
probably well represent the original work. 

We also notice that work of interest has been accom- 
plished on the belts and markings of Jupiter, as appears in 
a Memoir to the Royal Astronomical Society found in Vol. 
xlix, 1889, notice of which appears in the July Observatory. 
The instruments used by Mr. Green were refractors of 4 and 
5 inches aperture, and reflectors of 9, 13 and 18 inches, with 
observations from 1859 to 1887. ‘‘ From 1860 to 1868 the 
equator was white with dark bands north and south of it, 
in 1869 it changed to a copper hue, and the bands moved 
towards the poles; from 1873 to 1879 the equator was 
white again, and the dark bands approached it, while after 
1879 and the appearance of the great red spot the changes 
have been many and rapid.”’ The prevailing features noticed 
in the brief account referred to, are the light and dark 
markings, their relative heights in the atmosphere of the 
planet, the probable meaning of the great red spot, the ac- 
tivity of the equatorial regions and the quiescence of the 
polar, and the effect of extensive trade winds and solar 
heat. The 21 drawings accompanying the memoir are said 
to be beautiful, showing an immense amount of detail and 
delicate gradations of color. 

Saturn will be near the sun during August, but in Septem- 
ber it will be a morning star. The phenomena of most in- 
terest have already been noticed in connection with other 
planets. 


Uranus, August 5 will be in the constellation of Virgo, 2° 
east and nearly 2° south of the star 4. During the months 
of August and September the apparent motion of the planet 
will be one degree south and about 214° east. It will be in 
conjunction with the moon Aug. 29, and again Sept. 25. 

Neptune is an evening star, in the constellation of Taurus 
a little north of the Hyades August 5. This planet will be 
in conjunction with the moon Aug. 18; in quadrature with 
the sun Aug. 27; stationary Sept. 6, and again in conjunc- 
tion with the moon Sept. 14. 
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Phenomena of Jupiter’s Satellites. 
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Note.—The meaning of Ec., is eclipse: Tr., transit; Oc., occultation; 
Dis., disappearance; In., ingress; Eg., egress; Re., reappearance; and Sh., 
transit of the shadow. 


Annular Eclipse of the Sun June 27, 1889. We have not 
yet received any report of observations of the annular 
eclipse of the sun which took place June 27, 1889. Its path 
was principally through southern Africa and the Indian 
Ocean. 


was visible only in Europe, Asia, Africa, Australia, the 
Atlantic Ocean and the easterly portion of South America. 


Variable Star « Cephei. We have received Mr. J. E. Gore’s 
paper on the variable star « Cephei which contains a series of 
observations from Sept. 1874 to Dec. 27, 1887, with inter- 
esting notes on the same and other information. 
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COMETS. 





Comet e 1888 was observed in Bristol, England, on June 
19 and 21; it was also observed by Professor Frisby, U.S. 
Naval Observatory, Washington, D. C., as late as June 23. 
This comet was discovered by Mr. Barnard of Lick Observ- 
atory, Sept. 2, 1888, and has been visible since that time. 
Its perihelion was passed in January of this year at the 
great distance of 169,000,000 of miles from the sun. Owing 
to this fact and the favorable position of its orbit, its period 
of visibility has been remarkably long. The comet is still in 
view, though exceedingly faint. 

ephemeris of Comet e 1888 by C. W. Crockett. From A. 
J. No. 195: 


1889 G.M.T. App. «a App. 0 logr log J Br. 
\ h m ee 
, Aug. 15 19 52 ~ 558 0.45699 . 0.27621 1.9 
9.5 6 34 


06 0.45963 0.28222 1.8 
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55 0.46225 0.28870 1.7 
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26.5 49 31.6 7 26 14 
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y 46 06.2 7 40 56 
44 28.4 7 48 05 0.49288 0.38751 0.9 
42 53.9 7 55 06 
41 22.6 8 01 58 0.49536 0.39643 0.9 


Elements and Ephemeris of Comet b 1889. The following 
are the corrected elements of comet b 1889, computed by 
Professor W. W. Campbell, of Detroit Observatory, Ann Ar- 
bor, Mich, as given in the Astronomical Journal No. 197: 
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ELEMENTS. 
T = Gr. M. T. 1889 June 7.654619d 


w = 234° 55’ 38” .1 ed 
Q = 310 31 41 a Ecliptic and Mean 
“7=163 53 25 2] Equinox 1889.0 
log g = 0.354458 
= 2.261817 


EPHEMERIS FOR GREENWICH MEAN TIME. 
log r log 4 Br. 


0.3587 0.4948 0.88 
0.3600 0.4892 0.90 
0.3515 0.4820 0.92 
0.3631 0.4760 0.94 
0.3648 0.4682 0.97 
0.3698 0.4598 1.00 
0.3688 0.4506 1.03 
0.3710 0.4407 1.07 
0.3734 0.4300 1.03 
0.3946 0.3319 1.59 
0.4208 0.2483 2.07 
0.4507 0.2973 1.44 


Cie ®D 


7 


Aug. 


Sept. 
Oct. 
Nov. 


Woh Wt C1 


[The brightness at date of discovery is taken as the unit. ] 


Comet c, 1889. Comet c 1889 was discovered by E. E. 


Barnard, astronomer at Lick Observatory, June 23.9499 
G.M.T. in R. A. 1h 26m 54.48; Decl. +48° 50’ 44”; daily 
motion + 4m 24s in R. A.; —0° 34’ in Decl. 
ELEMENTS. 
T = 1889, June 20.115, Greenwich M. T. 
wa 59% 21’) 
4 > Mean Eq. 1889.0 


1.1024 
EPHEMERIS. 
Greenwich M. T. R.A Decl. Light. 
oe. -S , 
June 29.5 47 4 +41 51 0.92 
July 3.5 6 2 548 43 40 
7.5 24 20 45 11 
11.5 2 42 30 +46 27 0.76 
Light at discovery = 1. 
Computed by Professor Leuschner, of Lick Observatory, 
from Lick Observations of June 23, 24 and 25.—Sc. O. C. 
No. 85. 


Elements and Ephemeris of Comet c 1889 (Barnard). 
These elements and ephemeris were also computed by Pro- 
fessor W. W. Campbell of Ann Arbor. 
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ELEMENTS. 


T = 1889 June 20.64221 Gr. M. T. 

O FAY A? 
Q at 7 = | Ecliptic and Mean 
31 21 23.6 f Equinox 1889.0 


i 
log qg = 0.049016 
q = 1.119478 


Residuals (O—C) 


EPHEMERIS FOR GREENWICH MEAN TIME, 


a ny} logr log 4 Br. 
m s roles 
50 29 + 4921.8 0.1027 0.1325 0.54 
58 7 49 32.7 0.1078 0.1363 

5 33 49 41.7 0.1130 0.1401 0.50 
12 45 40 48.9 0.1184 0.1436 

19 44 49 54.4 0.1238 0.1471 0.46 
26 29 49 58.3 0.1293 0.1503 
33 0 50 1.0 0.1349 0.1534 0.42 
3917 50 2.3 0.1405 0.1563 
45 20 20 2.6 0.1462 0.1591 0.38 
51 9 50 1.9 0.1519 0.1616 
456438 +50 0.2. O.1577 0.1641 0.36 

—Astronomical Journal. 
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Comet d 1889. From a dispatch received July 7, it was 
announced that a new comet had been discovered by W. R. 
Brooks, of Geneva, N. Y. The date of discovery was July 6, 
12h 30m Washington M. T.; its place R. A. = 23h 45m 

Decl. =—9° 9’ 
The comet appeared to be one minute of are in diameter, 
slightly elongated and as faint as an 11th magnitude as 
observed by Mr. Barnard July 8. 

July 6, Professor Swift, of Rochester, N. Y., announced the 
discovery of a comet in R. A. = 22h 52m 28s 

Decl. = + 0° 49’ 

It is probable that the last observation is a re-discovery 

of comet e 1888. 





Elements and Ephemeris of Comet d 1889, by S. C. Chan- 
dler. Just before-going to press we received by telegraph, 
from Harvard College Observatory, the elements and 


ephemeris of comet d, computed by S. C. Chandler, of Cam- 
bridge, Mass.: 
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ELEMENTS. 


Time of perihelion passage = Aug. 3.40 Greenwich M. T. 

Dist. of perihelion from node = 311° 24’) , 

Longitude of node 28 13 } Mean Equinox 

Inclination of Orbit 5 56) 1889.0 
Perihelion distance = 0.3627 


EPHEMERIS. 
Date. 
July 27. 55 
July 31.5 13 
Aug. 4. 5 8 é 
Aug. 8.i 8 40 a 1.40 

Light at the time of discovery taken as unity. 

From the message we could not be quite sure of the dates 
of observations from which the above elements were com- 
puted. If we mistake not, they were July 8 for the first, 
and July 10 for the second and third. 

Comet e 1889 (Davidson). July 25, a telegram was re- 
ceived from Harvard College Observatory announcing the 
discovery of a bright comet by Davidson of Queenstown, 
July 21. The position for July 22.9610 was R. A. 12h 46m 
09s.0; Decl. south 32° 29’ 06”; daily motion east 11m; 
north 2° 48’. This rapid motion to the north and east will 
soon make its position favorable for observation in northern 
latitudes, if the direction of its path be rightly anticipated. 


Sun-Spot Seen by Naked Eye. Saturday evening, June 22, 
while on an outing down the Potomac river, I noticed dur- 
ing a very red sunset a sun-spot of great magnitude dis- 
tinctly visible to the naked eye. Its apparent magnitude 
was such that I could scarcely believe it a solar appendage. 
On Thursday following (the first clear day) I observed the 
spot with the telescope just as it was disappearing on the 
west limb of the sun. W. E. W. 


Report of Astronomical Observatories for 1886. The us- 
ual reprort on Astronomical Observatories for the year 
1886 has just come to hand. It was prepared for the Smith- 
sonian Report for the same year by George H. Boehmer, and 
is in the usual form, covering 116 pages. 
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Minor Planet No. 284 was discovered May 29 by M. 
Charlois at the observatory of Nice. 

Bright Meteor. I noticed in your June number a descrip- 
tion of a brilliant meteor seen by Frank Soule at Students’ 
Observatory, at Berkeley, Cal., May 15 of this year, which, 
as he says, pursued a southerly course along an are drawn 
through the stars Gamma and Alpha Leonis and seemed to 
disappear at a point half-way between Regulus and Hydra. 
Then he says that it immediately reappeared pursuing a 
course irregurlarly from east to west disappearing to the 
north of Hydra, etc; that its brilliancy was that of Saturn, 
but its size was that of Venus at its greatest brilliancy. 
This at 8:40 p. mM. Pacific meridian. 

On the same evening (as I find by comparing notes) at 
about 10:30 Pp. M. meridian of Washington, I saw a very 
bright meteor pursuing a southwesterly course in the 
direction, I should judge, of the star Gamma, and disap- 
pearing very near the western horizon. It had almost pre- 
cisely the glow of Saturn, but the size of Venus as shining 
at that time of the month. Its motion was very rapid, and 
had I not been looking in that immediate direction, it 
would probably have escaped my notice notwithstanding 
its brilliancy. 

As the description corresponds very closely with that 
seen by Professor Soule, can it be identical, considering even 
the long distance across the continent ? E. J. BROOKINGS, 

Washington, D. C., June 10, 1889. 

Queries with Brief Answers. 19. When does the next 
century begin ? Pee or 

‘In astronomical time Dec. 31, 12 h, 1899; in civil time 12 
hours earlier, if we call the 365th day of 1899 the 0 day of 
1900. 

20. There is daily change in the right ascension and the 
declination of the stars; is it irregular in both? Is it 
periodical in one or both? 

It is irregular in both; it is periodical in both so far as 
luni-solar precession is concerned. Planetary precession 
affects the right ascension of the stars, not their declina- 
tion. There are also conditions of secular change in the 
star codrdinates. (See Chauvenet, Vol. 1, ch. xi.) 





324 The Sidereal Messenger. 





21. What are the properties of the Jena glass that make 
it superior to the old kinds? 5.@. 

We suppose it is meant to ask what are the advantages of 
the Jena glass for optical purposes over those kinds in 
common use. 

The persistent and troublesome defect in the so-called 
achromatic lens is the secondary spectrum, due to the fact 
that the lens does not focus all refracted rays at the same 
point; hence images formed have traces of color arising 
from this cause. By using different kinds of glass opticians 
are able to bring together two widely differing rays of light, 
as the red of the line C of the spectrum and the blue of line 
G, but it by no means follows that the same two pieces of 
glass will bring together in a focus all other rays. On the 
contrary, owing to what is called the ‘‘irrationality of dis- 
persion,’’ the color correction has never been complete. 
Some opticians have tried to remove this color entirely by 
using three lenses of different media but with partial 
success only. In 1881 Professor Abbé and Dr. Schott under- 
took the study, chemically, of a wide range of substances 
from which a perfect glass for optical purposes could be 
made. In 1883 their work seemed to be narrowed to two 
problems: one of which was to make pairs of kinds of flint 
and crown glass, such that the dispersion in the various re- 
gions of the spectrum should be, for each pair, as nearly as 
possible proportional. The object of this was to diminish 
the secondary coloring effects inseparable from the irration- 
ality of ordinary silicate flint and crown glasses. In this 
study these distinguished Jena physicists have been so suc- 
cessful, it is claimed, that color correction is practically re- 
duced to zero in the new glass disks they make, and. that 
the foci for visual and for photographic purposes are the 
same. The first point, we believe, is generally admitted in 
the case of small lenses; large ones have not yet been made 
of the new glass. The second point possibly needs confirm- 
ation. 


22. Are the satellites of Mars of meteoric origin, or will 
the nebular hypothesis account for them ? L. F.C. 

The nebular hypothesis alone will not account for a 
period of revolution of satellites that is shorter than that of 
the primary planet. But it is claimed by some physicists 
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that the tides are constantly lengthening the period of ro- 
tation of the primary planet and that in this way the time 
of revolution of the inner satellite of Mars has become 
shorter than the planet’s day. Some European astronomers 
favor this view, but concurrence in it does not yet seem to 
be general. The supposition of a meteofic origin is less 
probable. 


23. What is the cause of the polar filaments in the 


corona of the sun as seen in the January eclipse? P. W. 
24. What is the cause of the shadow bands seen during 

the period of totality of the solar eclipse? P. W. 
25. What are the relative merits of refracting and reflect- 

. ing telescopes of the same aperture? A. B. D. 


26. In Chambers’ Astronomy (p. 6.) we find the state- 
ment that the solar heat is sufficient to raise the tempera- 
ture of an ocean of fresh water 60 miles deep from freezing 
point to boiling in one year. Do later studies of solar heat 
verify that assertion? W. & M. 

27. In No. 74 S.M., Professor Swift, speaking of the 
double star, Castor says, ‘‘the two stars, nearly equal in 
magnitude, have moved so little during the last hundred 
years that astronomers are in doubt whether the motion 
is orbital or not.’”’ Is not the orbital motion of this star 
absolutely certain ? W. H. S. M. 

28. Is not the statement in the text-books on astronomy 
that sunlight is 800,000 times greater than full moon-light 
manifestly wrong? Common observation would say that 
number is 1,000 times greater than it should be. < 

29. After studying Pierce’s Analytical Mechanics, I think 
that if the pendulum of a clock were to swing in a vacum 
of uniform temperature the error of the clock would be a 
minimum. Have clocks been tried in this way? A; $: 

30. In what constellation is star 1830 Groombridge? 
Can it be ‘picked up’ from its position in reference to other 
stars without use of an equatorial? S. W. F. 

31. What causes Mercury and Venus to form the black 
drop in transit ? F. D. B. 

32. I have been trying to observe the red spot of Jupiter 
without success. What is its position, size and color? 

L. ¥. 

33. Can you refer me to any source from which I can get 
a record of sun-spots for the last maximum period? Cc. E. B. 
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EDITORIAL NOTES. 


Contrary to expectation, we publish for August instead o 
September, because we have recently received some matter 
that ought to appear sooner than we had _ previously 
planned for our next issue. Hence our readers will please 
bear in mind that the next MESSENGER will be for October, 
and be mailed the last days of the preceding month as 
usual. 

Mr. Lockyver’s Meteoric Theory. We have been greatly 
interested in the researches of Mr. Lockyer, and the new 
theory which he is now working out in detail. The results 
foreshadowed are so new and revolutionary in kind that 
those in the well worn paths of science will hesitate to ac- 
cept them until they have had opportunity to give the evi- 
dence on which they rest for support careful and severe scru- 
tiny. This is right; the discoverer can afford to wait, and 
the scientist must know for himself before he can rationally 
accept radical doctrine that is new. The leading article in 
this number by Professor Young, setting forth late work by 
Dr. Huggins, is exactly in line of this thought, and if we 
mistake not, his positions against Mr. Lockyer’s identifica- 
tions are very strong, if not absolutely conclusive. It looks 
as if Dr. Huggins had picked out some weak points in the 
new theory that will trouble its author to answer. Spectro- 


scopists will follow this discussion with deep interest. 


Determination of the Magnitving Power of Eve-Pieces.— 
The following is a very simple and accurate method of find- 
ing the magnifving power of any eye-piece by measurement 
of the small circle of light seen in the eye-piece when the tele- 
scope is pointed at the sky. 

Almost every mechanic now-a-days has one of those very 
accurate little micrometer calipers, or wire gauges, by 
Browne and Sharpe. When new the jaws of the instrument 
are finely polished, and if it be laid upon the eye-piece with 
the circle of light between the jaws, by moving the eye 
a little from side to side, three circles will be seen, the true 
one and a reflected image of it in either jaw. Now by mov- 
ing the caliper and its screw, the true circle can be made tan- 
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gent to both its reflected images at the same time. The 
reading of the screw will now be the true diameter of the 
circle, and it only remains to divide the aperture of the 
object glass (or mirror) by this reading to know the 
magnifying power of that particular eye-piece. The 
measurement can be made with great nicety, two suc- 
cessive readings rarely differing by more than 0.001 inch, 
and the result is as accurate as can be obtained by a much 
more expensive dynamometer. Cc. C. HUTCHINS. 
Bowdoin College, May 31, 1889. 


Mean Scottish Meteorology for the last thirty-two years 
is the title of a publication recently issued by C. Piazzi 
Smyth, late Astronomer Royal for Scotland. The first part 
of this volume has 31 chronological tables of mean Scottish 
meteorology, month by month, for the entire period of the 
thirty-two years, beginning with 1856 and ending with 
1887. Following the tables are fourteen full page litho- 
graph plates showing the results of observations projected 
in curves in various ways for ready comparison. The purely 
meteorological part of this volume is very instructive; but 
we were, naturally, more interested in the deductions that 
pertain to solar phenomena. Four points are briefly dis- 
cussed which ought to be more fully reported than our space, 
now, will allow. They are, (1) supra-annual cycles of 
weather and solar phenomena, (2) temperature, barometric 
range and sun-spot, (8) details of sun-spot cycles, and (4) 
aurora, lightning and sun-spots. The curves representing 
solar waves for the three periods under special study are so 
interesting that we have ventured to ask Professsor Smyth 
to prepare an article covering those topics with appropriate 
graphic representations to assist the eye in their careful 
study. 

The concluding article is upon eight years’ observations of 
the new earth thermometers at the Royal Observatory, Ed- 
inburgh, 1879 to 1888, with tables and graphic illustrations 
as already described. 


Electric Light for Observatory Instruments. Mr. F. G. 
Blinn, East Oakland, Cal.,in a recent letter, says: ‘ The use 
of the miniature, incandescent electric lamp is a delightful 
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change from the greasy, uncertain bull’s-eye lantern, for the 
purpose of illuminating the field of the transit instrument. 
One disadvantage, however, attending its use is the need of 
frequent renewal of battery material, and continued care of 
the cells when the lamps are less used, to be sure that light 
will be forthcoming when wanted. It would seem that a 
miniature dynamo driven by a sewing machine water motor 
would be a desirable acquisition to the Observatory, and if 
the attention of the manufacturers of electric light appli- 
ances could be directed to this subject, it might result in 
benefit to those who use astronomical and microscopical in- 
struments. 

There is probably a water supply under pressure within 
the reach of most Observatories, and as one horse-power 
will give out about 320 candle-power through sixteen lamps 
it would seem to be an easy matter to develop a sufficient 
current with this device. One-fourth or one-eighth candle- 
power is sufficient for the needs of an observer, and by a 
well arranged switch system it is an easy matter to use such 
a light.” 


Optical Plane Surfaces. The physicists who are wrest- 
ling, at the present time, with the problem of standards for 
measurement have so taxed the finest known optical ap- 
paratus in pushing researches for better results, that work 
had to be stopped, because, apparently, the optician could 
not meet the demands made on him for more perfect appa- 
ratus. We learn with great pleasure that Mr. J. A. Brash- 
ear, of Allegheny City has overcome the very difficult task of 
making plain optical surfaces that are so perfect that 
some of the best physicists in this country pronounce them 
superb and the best they have ever seen. Mr. Brashear’s 
optical work is commanding wide and very favorable notice. 


Measuring Lunar Radiation. We have received an inter- 
esting paper entitled ‘‘An Account of a New Thermograph, 
and of Some Measures in Lunar Radiation,’”’ by C. C. Hutch- 
ins, assisted by Daniel Edward Owen. Extracts from this 
paper, with a cut of the new instrument, will be given in our 
next issue. 
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Spectrum of Uranus. At the July meeting of the Royal 
Astronomical Society, Mr. Taylor read a paper on ‘‘ Obser- 
vations of the spectrum of Uranus.’”’ On May 16, 1889, 
with direct-vision spectroscope attached to the 5-foot re- 
flector at Mr. Common’s Observatory at Ealing, England, 
bright flutings were detected in the red, orange and green 
in the spectrum of Uranus, and also four dark bands in the 
orange, green, greenish blue and blue respectively. No trace 
of solar lines. The bright flutings would indicate that the 
planet to some extent is luminous. Dr. Huggins, however, 
has succeeded in solving the question of the existence of 
solar lines in the spectrum of Uranus by the aid of photog- 
raphy. On the 3rd of June, with an exposure of two hours, 
he got a fine spectrum extending from about F to N in the 
ultra violet, in which all the principal solar lines were dis- 
tinctly seen. The observed and photographed spectra, 
though seemingly in conflict, are not necessarily so, as spec- 
troscopists readily understand. Both give evidence of value 
concerning the physical constitution of the planet Uranus. 


After the sketch of the life of the late Professor William 
Tempel, published in June, was in type, we received a trans- 
lation of the same article by Mrs. C. W. Dunn, Florence, 
Italy, wife of the assistant to Mr. Tempel in the Observatory 
at Arcetri. This translation of Schiaparelli’s article from 
the Italian was furnished in answer to our request to Mr. 
Dunn to give us some account of Professor Tempel’s work 
for publication. Mrs. Dunn's rendering of the Italian was 
so much better than that which we used that we were sorry 
that it did not come to hand earlier. The MESSENGER 
gratefully acknowledges the kind courtesies of these friends 
and heartily joins them in revering the name of another 
of earth’s honored and departed ones. 


White Spot on the Ring of Saturn. We notice that Pro- 
fessor Hall, of the U. S. Naval Observatory, Washington, D. 
C., carefully observed the so-called white spot on the ring of 
Saturn between dates March 13 and 15. He says it looks 
to him like the effect of contrast between the shadow and 
the surface of the ring, such as has been noticed before. In 
high powers on the 26-inch equatorial the region becomes 
less distinct. For observers generally it is difficult to see 
when attention is called to its exact locality. 
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W. C. Winlock, formerly assistant Professor of Mathe- 
matics in the U. S. Naval Observatory, Washington, D. C., 
has recently been appointed Chief of the Bureau of Inter- 
national Exchanges, at the Smithsonian Institution, the 
position being made vacant by the death of Dr. Kidder. 
This will afford Mr. Winlock the best of opportunities for 
pursuing the bibliography of astronomy, one of his favorite 
lines of study. Our next issue will contain his first com- 
munication in line of such matter. 

Mr. Albert Howard, general manager of the E. Howard 
Watch and Clock Co., Boston, Mass., in a recent very court- 
eous letter seeks to set us right regarding an error in last 
month’s issue in which reference was made to Mr. Gerry, a 
former employé of his company. On page 273, we said, 
‘‘The escapement was invented by Mr. Jas. H. Gerry who 
was, for a number of years, the foreman of the Howard 
Clock Co., Boston,’’ Mr. Howard says: ‘‘ This statement 
relating to Mr. Gerry’s foremanship of the Howard Clock 
Co., is entirely misleading. The clock and watch factories 
have always been two separate departments and under 
entirely different managements, with the exception of 
having the same general manager. Mr. Gerry's position 
while in the employ of E. Howard & Co. was that of su- 
perintendent of the watch department, and he was in no 
wise connected with the invention or construction of clocks 
or regulators.”’ 

Measures of Double-Stars and other observations made at 
Haverford College Observatory under the direction of F. P. 
Leavenworth is the title of a neat publication just received. 
The micrometrical measures of double-stars were mostly 
made during 1888 with a Clark 10-inch refractor, and the 
power of single eve-piece used was 375. The stars chosen 
for measure were those of Burnham and Struve in which 
motion has been detected. 


L’ Astronomie (French), by Camille Flammarion, for July, 
has for its leader a description of the Lick Observatory by 
Professor Holden, the Director. The article fills eight pages, 
and is handsomely illustrated by five large engravings. 
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Trees along the Canals of Mars. Our note last month on 
astronomical heresy in the Chicago Tribune causes our excel- 
lent friend, Professor Colbert, to send us the following, 
which was published in the Tribune May 25, and before our 
note appeared in THE MESSENGER: 

A Canadian who has alternately posed as a propounder of alleged astron- 
omical discoveries and a weather prophet is announced by telegraph as 
saying he has discovered the earth to be receding from the sun, and con- 
siders it the greatest astronomical event of the century. He quotes as 
proof two well-known facts—namely: the precession of the equinoxes and 
the moon's secular acceleration. He says the recession of the earth from 
the sun makes her less and less subject to solar attraction. For this reason 
our globe is expanding, its oceans are gradually becoming more shallow, 
and the time is coming when it will be necessary to carve up its continents 
by canals, as 6 already done by the inhabitants of the planet Mars, who 
have planted trees along their banks to produce (attract) moisture from 
the atmosphere. There is no occasion for alarn 1 consequence of these 
dire forebodings. The mathematics of the solar system were investigated 
long ago, and the principal facts of motion by the earth in her orbit are 
known with precision and certainty, not only for the present, but for many 
millions of vears. There is no appreciable widening out of the earth's 
mean distance from the sun, and one of the neatest pieces of work done by 
the mathematical astronomers nearly a century ago was the demonstration 
that the disturbing influence of other bodies in the system, having once 
acted to increase the mean distance from the sun, could produce no further 
alteration in that respect. It is true the eccentricity of the earth’s orbit is 
at present decreasing and will continue to do so for many thousands of 
years, this fact producing about half of the observed acceleration in the 
orbital motion of the moon. But it is easily shown that the disturbing 
force of the sun on the moon, and also that upon the waters on the earth's 
crust, could never be decreased by more than about one part in 3,400 of its 
present value." A more involved process of reasoning proves the decrease 
will change to an increase tar inside the limit named. The precession of the 
equinoxes, being due to the disturbing forces exerted on the earth's equa- 
torial protuberance by the sun and moon, will vary slightly as a conse- 
quence of this change, but has no more to do with causing or indicating a 
continuons widening out than the planets have to do with changes in our 
weather. 


The Scientific American (July 20) favors its readers with a 
biographical sketch of the life and work of the late Maria 
Mitchell, so well and favorably known in scientific circles 
for nearly half a century. The honors done this distin- 
guished lady while visiting abroad, and, in later years, at 
her home, ate proofs of merit that Vassar College may well 
be proud of. Her place at the head of the Vassar Observa- 
tory is apparently a hard one to fill. 
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Orbital Motion of Sun and Stars. Concerning the theory 
that the sun is revolving as a planet around some star in 
obedience to the Newtonian law of gravity, it may be 
pointed out that a star at the distance of the nearest known 
fixed star, having a mass equal to the sun’s, would, basing 
calculations upon certain masses and distances given in text- 
books of astronomy, attract the sun with a force equal to 
about sare that of the sun's attraction for Neptune. At the 
average distance of stars of the first magnitude the controll- 
ing star would need to have a diameter equal to thirty-eight 
times that of the sun, assuming equal densities for both 
bodies, with a corresponding mass, to enable it to attract 
the sun with a force equal only to that necessary for the sun 
to exert to hold Neptune in its orbit. And if we go one step 
further and multiply this augmented mass by the number by 
which the sun exceeds Neptune in mass, a proceeding consist- 
ent with the theory in question, it would have a diameter 
approaching that of Jupiter’s orbit. 

If a spherical shell be conceived concentric with the sup- 
posed governing star and passing through the sun, it would 
probably inclose other stars, all of which together, possibly 
with some stars without the shell, must also be moving 
with the sun around the central star, otherwise there would 
be apparently an entangling of systems dangerous to many 
suns. E. B. WHITMORE. 

Rochester, N. Y. 





We do not wonder that Mr. Whitmore finds difficulty in 
accepting the theory of orbits for the sun and stars which 
he seems to have thought upon carefully and well, and which 
is advanced in elementary text-books on astronomy. Late 
astronomy does not sustain that theory. There are no 
proofs that the motion of the sun or stars is orbital, when 
independently considered, except in the case of multiple 
stars, and, possibly, some clusters of stars. Every star at- 
tracts every other according to a well-known law, and hence 
individual stars must obey all these separate forces drawing 
one another with varying intensities at the same time in all 
possible directions. Hence the path of any star in space can 
not follow the law of any known curve, neither can it be an 
absolute straight line. The probabilities of the case are that 
their motions are irregular and widely dissimilar. 
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Refraction of Magnetic Radiation. Knowledge for July 
speaks of the study of Dr. Hertz, in relation to the “ phe- 
nomena of reflection and interference of ether waves due to 
electro-magnetic radiation. By means of a prism of pitch 
he has more recently obtained an experimental proof of their 
obedience to the laws of refraction. Professor Oliver Lodge 
has gone a step further. In a paper read before the Physical 
Society he described a series of experiments he had carried 
out in conjunction with Dr. J. L. Howard, in which they had 
employed a pair of plano-convex hemi-cylindrical lenses, 
made of the best comercial pitch. With these lenses they 
performed such experiments as would be made with a beam 
of light and similar lenses of glass. The lenses were 85 
centimeters high, 90 centimeters broad, and 21 centimeters 
thick, each weighing about 300 pounds. Dr. Lodge found 
that the results obtained with them were throughout in 
complete agreement with those of Professor Hertz.”’ 





Astronomy by Observation. We have received specimen 
pages of the book entitled ‘‘ Astronomy by Observation”’ by 
Miss Eliza A. Bowen, Messrs. D. Appleton & Co., publishers. 
The first edition of this book was published in 1885, if we 
are rightly informed, It is now being revised and the speci- 
men pages speak well for the new edition. 


Himmel und Erde is the name of a comparatively new 
monthly publication by Dr. M. Wilhelm Meyer, of Berlin, 
which is devoted to astronomy and kindred sciences. We 
have as yet had the pleasure of seeing only the April num- 
ber. Itis in German, with the English letter, small quarto 
form, neatly illustrated, and has a scholarly appearance 
every way. Its leading article on the Norwegian North Sea 
Expedition is by Professor Dr. H. Mohn. 


Mr. Ambrose Swasey of the firm of Warner & Swasey, 
makers of astronomical instruments, Cleveland, Ohio, is 
now traveling in Europe. He first visits Paris, then spends 
five or six weeks in a circuit through Italy, Switzerland and 
Germany. He has plans for visiting all the observatories he 
can find on the way, to make special studies of their latest 
improvements in instruments. He will return about Octo- 
ber first. 





334 The Sidereal Messenger. 





Observatory at Kasan, Russia. By the courtesy of Pro- 
fessor D. Donbiago, the Director of the Observatory at 
Kasan, Russia, the Carleton College Observatory library 
has received Tomes I (1885) and II (1887) of the observa- 
tions of stars de la zone entre 75° et 80° declinaison boreale. 
The Director of Carleton Observatory extends cordial 
thanks. 


Origin of the Binary Stars is the title of a thesis prepared 
by T. J. J. See of the Missouri University, Columbia, Mo. 
The gist of this paper is to show that the general theory of 
cosmic tides by Professor G. H. Darwin on the origin of the 
moon is sufficient to explain the origin of the binary stars. 
The plan of the paper is a good one. 

Latitude of Ann Arbor Observatory. In giving the re- 
cently determined latitude of the Observatory at Ann Arbor, 
Michigan, in our last number (p. 285), we inadvertently 
wrote the position of the instrument with which the obser- 
vations were made. To that should have been added the 
difference of latitude for the dome of the Observatory 
proper, making the deduced latitude 42° 16’ 48.66. The 
value which Professor Watson used, we believe, was 42° 16’ 
48’’.3; but we notice the Nautical Almanac has 42° 16’ 
48”.0. Mr. Schaeberle’s opinion heretofore has been, as we 
are told, that 48”.0 was too small. Mr. Estes is not in- 
formed how the American Ephemeris came to have the last 
named value. 


The June Century Magazine has an agreeable surprise for 
those interested in astronomical biography in an illustrated 
article entitled, ‘‘An American Amateur Astronomer,”’ writ- 
ten by John Fraser. The subject of the sketch is S. W. Burn- 
ham, astronomer at Lick Observatory, and is a short 
account of some of the excellent work for astronomy done 
by Mr. Burnham, mainly at leisure moments, while regularly 
following a business vocation. The article is a good one; 
we wish it were longer, setting forth his varied studies more 
in detail. 


Professor C. S. Hastings of the Sheffield Scientific School, 
New Haven, is now spending some time in France according 
to plans of last month. 





Book Notices 335 


Honor for E. E. Barnard. The degree of A. M. was con- 
ferred upon Mr. E. E. Barnard, of the Lick Observatory, by 
the University of the Pacific, on May 23, 1889, in recogni- 
tion of his services to astronomy during the past year. It is 
an honor well deserved. 








BOOK NOTICES. 


A Text Book of General Astronomy for Colleges and Scientific Schools, by 
Charles A. Young, Ph. D., LL. D., Professor of Astronomy in the Col- 
lege of New Jersey, (Princeton). Boston: Messrs. Ginn & Company, 
Publishers, 1889. pp. 551. 


We have already spoken briefly of this book, but by no 
means as fully as it deserves. We used the text in class, in 
the proof-sheet form, less than one year ago, and so have 
tested it somewhat in the place it was primarily designed 
to fill. From knowledge of its distinguished author, our 
expectation regarding the merit of the book was high, and 
as a teacher, and careful student of it, we have been disap- 
pointed by it in no important particular. 

This book is now so well known in scientific and higher 
educational circles that extended notice for such readers is 
unnecessary. What we may say of it is intended more par- 
ticularly for the general reader of the MESSENGER who may 
not have had his attention called to it before. To such we 
commend it as one of the few books in behalf of astronom- 
ical science that should have place in every library. We 
think so because it contains a complete setting forth of 
the whole field of modern astronomical science; because it 
distinguishes so sharply and well between what is known as 
fact on the one hand, and mere fancy or theory on the other; 
because the spirit of the book is that belonging to true 
science, and not dogmatism or irreverence, and because its 
language is usually so plain and direct that the reader is 
unhindered by the many technical terms that often need- 
lessly encumber books of this kind. Ripe scholarship has 
little need of, or small use for, so much that is technical, so 
called, in giying general instruction. As is true of all that 
Professor Young writes, we find in this ®ook no display of 
rhetoric, no attempt to finish sentences nicely, but simply 
and constantly a purpose to state facts and principles 
plainly, definitely, and in exact accordance with the truth as 
far as that is known. 
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In the new issue of this book, now just through the press, 
opportunity has been taken to correct a number of.errors 
and misprints that were detected in the first impression, so 
that in detail, the work of this book is abmirably done, 
and it fully deserves the hearty reception that it is 
everywhere receiving. We are also pleased to say that the 
publishers have given the book a very neat and substantial 
dress, for which those who use it will be constantly grateful. 


Astronomy with an Opera- Gi iss. A ieetak Introduction to the study of 
the Starry Heavens with the simplest of Optical Instruments. With 
Maps and Directions to facilitate the recognition of the constellations 
and the Principal Stars visible to the naked eye, by Garrett P. Serviss. 
New York: Messrs. D. Appleton & Co., Publishers, 1888. pp. 154. 

This book is the result of some faithful work to bring to- 
gether, in useful way, a series of celestial objects for study by 
the aid of the opera-glass. It is intended for those who 
have not the advantage of more powerful optical instru- 
ments and yet who desire to continue observational study of 
theheavens. In giving attention to this way of studying as- 
tronomy Mr. Serviss has done real service to the science. It 
is helpful to the beginner to know how to select a good 
opera-glass and then to be told what he can do with such 
an instrument. He needs help just at this point, and we 
may be sure that the earnest student with such needed 
judicious direction will find his way onward rapidly. 

This book contains five chapters titled respectively: The 
Stars of Spring, Summer, Autumn, Winter, and the last, the 
Moon, Planets and the Sun. 

The text is a description of the constellations with appro- 
priate maps presenting to the eye the place and relation of 
the prominent celestial objects to which attention is called. 
The outlines of the constellations are given in these maps, 
but not the figures of the earlier star charts. 

One of the best things about this book is the fact that its 
author has made observations with the opera-glass of all 
the objects he describes, and so speaks definitely of what he 
himself has seen. In this day of large telestopes, humble 
workers are in danger of forgetting what immense strides 
in astronomy were early made, by the aid of the opera- 


glass, in the lands of Argelander, or, in the present decade, 
in the study of the variable stars, by the industrisous Chan- 
dler. 
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Minneapolis & St. Louis 


RAILWAY 


“Albert Lea Route.” 


TWO THROUGH TRAINS DAILY 


FROM ST. PAUL anp MINNEAPOLIS To 


CHANGE, CONNECTING WITH THE FAST 
TRAINS OF LL LINES FOR THE 


EAST ® SOUTHEAST. 


The Direct and Only Line Running Through 
Cars Between Minneapolis and 


DES MOINES, IOWA, 


Via ALBERT LEA anp FORT DODGE 


SHORT LINE TO WATERTOWN, DAK. 


t SOLID THROUGH TRAINS “A 


——RBETWEEN 


MINNEAPOLIS xo ST. LOUIS 


and the Principal Cities of the Mississippt VALLEY, 
counecting in Union Depot for all points 
SOUTH ann SOUTHWEST 


MANY HOURS SAVED og.th oxey 


running 
TWO TRAINS DAILY to 
SAINT JOSEPH and AT- K A N § A 5 C [ T " 
CHISON, making connections with the Union Pacific 
and Atchison, Topeka and Santa Fe Railways. 





8&3 Close connections made in Union Depot with 
all trains of the St. Paul, Minneapolis & Manitoba: 
Northern Pacific; St. Paul & Duluth; Minneapolis, 
St. Paul & Sault St. Marie Railways from and to all 
points NORTH and NORTHWEST 


REMEMBER! The trains of the MINNEAPOLIS & 
* ST.LOUIS RAILWAY arecomposed 
of Comfortable Day Coaches, Magnificent 
Pullman Sleeping Cars, Horton Reclining 


CHAIR CARS and PALACE DINING CARS! 


&ay- 150 LBS. OF BAGGAGE CHECKED FREE 
Fare always as Low as the Lowest! For Time 
Tables, Through Tickets, ete., call upon the nearest 
Ticket Agent, or write to Cc. H. HOLDRIDGE, 
Gen'l Tkt. & Pass. Agt., Minneapolis, Minn 
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TO MONTANA, 
OREGON ano 
WASHINGTON. 


If you are going west bear in mind the following facts: 


The Northern Pacitic Rallroa 


Owns and operates 987 miles, or 57 per cent of the entire railroad mileage 
of Montana; spans the Territory with its mzin line from 
eastto west; is the 


SHORT LINE TO (MONTANA, 


The Only Pullman and Dining Car Line to Butte, 








and is the only line that reaches Miles City, Billings, Bozeman, Missoula, 
the Yellowstone National Park and, in fact, nine-tenths of the cities and 
points of interest in the Territory. 


THE NORTHERN PACIFIC 


Owns and operates 621 miles, or 56 per cent of the railroad mileage of 
Washington, its main line extending from the Idaho line via 
Spokane Falls, Cheney, Sprague, Yakima and Ellensburg, 


Through the Center of the Territory 


to Tacoma and Seattle, and from Tacoma to Portland. No other trans- 
continental through rail line reaches any portion of Washington Territory. 


Ten Days Stop-Over Privileges 3 svc" on Forthern Pacific second 


class tickets at Spokane Falls and all 
points west, thus affording intending settlers an excellent opportuniy to 
see the entire Territory without incurring the expense of paying local fares 
from point to point. 
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THE NORTHERN 
PACIFIC 
RALROAD. 


eS ——__ | 5 —— > —prwee > 


THE SHORTEST ROUTE 


em SB 0 — FROM pw 


St. Paul » Tacoma 


by 207 miles; to Seattle by 177 miles, and to Portland by 324 miles—time 
correspondingly shorter, varying from one to two days, according to des- 
tination. No other line from St. Paul or Minneapolis runs through pas- 
senger cars of any kind into Idaho, Oregon or Washington. 


In addition to being the only rail line to Spokane Falls, Tacoma and 
Seattle, the Northern Pacific reaches all the principal points in Northern 
Minnesota and Dakota, Montana, Idaho, Oregon and Washington. 
Bear in mind that the Northern Pacific and Shasta line is the 


FAMeUS#@ SCENIC@IROUTE 
To All Points in California. 


Send for illustrated pamphlets, maps and books giving you valuable in- 
tormation in reference to the country traversed by this great line from St. 
Paul, Minneapolis, Duluth and Ashland to Portland, Oregon, and Tacoma 
and Seattle, Washington Territory, and enclose stamps for the new 1889 
Rand McNally County Map of Washington Territory, printed in colors. 

Address your nearest ticket agent, or 


CHAS. S. FEE, 


General Passenger and Ticket Agent, 
ST. PAUL MINN. 
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CARLETON COLLEGE. 


NORTHFIELD, MINNESOTA. 


Full Preparatory and Collegiate Departments. 
English, Scientific, Literary and Musical Courses. 
All Departments open to Students of Either Sex. 
Expenses Very Low. 


CALENDAR FOR 1889-90. 
Examinations to enter the English Academy or Preparatory Department 
the first afternoon of each term. 
Examinations to enter the Collegiate Department, September 3d, 1889, 
and June 6th and 7th, 1890. 
Fall term begins Wednesday, September 4th, and ends December 19th, 
1889. 
Term Examinations, Decet “we r 18th anfl 19th, 1889 
Winter Term begins Tuesday, January 7th, and ends March 19th, 1890. 
Term Examinations, March ist and 19th, 1899. 
Spring Term begins Wednesday, March 26th, and ends June 12th, 1890. 
Term Examinations, June 9th and 10th, 1890. 
Anniversary Exercises, June 7th to 12th, 1890. 
Wednesday, September 4th, 1889, Fall Term begins. 
JAMES W. STRONG, President. 
NORTHFIELD, MINN. 


WW. WHESLEY & SON, 


SCIENTIFIC BOOKSELLERS, 
28 Essex Street, Strand, - - - - London, 


Offer the following important Astronomical Works at reduced prices :— 
One volume, 8vo., cloth, $5. 
THE MOON AND THE ee AND CONFIGURATION OF ITS SUR- 


FACE. By E. Neison, F.R.A.S. With 26 Maps and 5 Plates. 595 pages. 
1876. 


47 vols., 8 vo., newly bound, half morocco, $155. 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY .—Vols. I.- 
<LVI. complete with Plates and Engravings and General Index to Vols. 
I -X XIX. 1828-85. This work is rarely found complete. 
Royal 4to., cloth, uncut, scarce, $40. 

BRITISH ASSOCIATON Catalogue of Stars, containing the mean Right As- 
cension and North Polar Distance of 8,377 Fixed Stars. By F. Baily. 1845. 
The above works will be delivered free in New York at the prices affixed, on 

receipt of International Money Order or Draft payable in London. 

Recently published, containing 1,600 works, 20cts. 

W. WESLEY & SON’S NATURAL HISTORY AND SCIENTIFIC BOOK CIR- 
CULAR, No. 90. Containing a price list of Astronomical and Mathematical 
Works, English and Foreign, New and Second Hand, for sale by W. Wesley & 
Son, 28 Essex Street, Strand, London. 


NAME AND LOCATE ALL PLANETS, 
Stars an Constellations visible at any 
—_— Bray oro of time. Heliotellus for 

nical Geography. Whitall’s 


Special Telescope. Address for further informé eens Ww MM. T. COOPER, Manager. 
307 Race Street, Philadelphia, Pa. 


LE. A GOOD ACHROMATIC, 
{P no i ine a poem Mn and 5 feet focus, having 
nS — es, magnifying from 60 to 250 
. Apply by letter to 


ROTHWELL, 
102 PI, hi St., E. Cambridge, Mass. 














FAUTH & CO., 
#“ASTOEORNOMICAL « WORS,}: 


WASHINGTON, D. C. 

















MAKERS OF EQUATORIALS 


With the Latest improvements, including FINDING CIRCLES at the eye end. 
Transits and Transit Circles and other instruments of precision. 


The utmost accuracy in every detail, especially in graduation and levels 
distinguish our instruments. We draw special attention to our 


AMATEUR OUTEHIT, 


consisting of four-inch equatorial (with Clark lens, clock circles, clamps 
and tangents, etc.); 22-inch Astronomical Transit, Astronomical Clock and 
Electric Chronograph. All for $700. 














WARNER & SWASEY, 


MANUFACTURERS OF 


OBSERVATORY OUTFITS, 


With Patent Frictionless Mechanism for Running Gear and Shutters. 


OBSERVATORY DOMES OF ALL SIZES. 
‘OF ‘“SHdVHYDONOUYHO 'SLNAWNYLSNI LISNVYL 


6-INCH EQUATORIAL. 


EQUATORIAL TELESCOPES, 


From 6-inch aperture to the largest size. 


WARNER & SWASEY, CLEVELAND, OHIO, U.S. A. 




















